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CLAIMS: 

L A nucleic acid encoding the carboxy-terminal portioia of the heavy chain 
(He) of botulinum neurotoxin (BoNT) selected from the group consisting of BoNT 
5 serotype A, BoNT serotype B, BoNT serotype C u RpNT serotype D, BoNT 
serotype E, BoNT serotype F, and BoNT serotype G, y/herein said nucleic acid is 
expressable in a recombinant organism selected frorr/ Escherichia coli and Pichia 
pastoris. 

2. The nucleic acid of claim 1, wherein said nucleic acid comprises a nucleic 
10 acid sequence selected from SEQ ID No:l (serotype A), SEQ ID No:7 (serotype B), 

SEQ ID No:9 (serotype d), SEQ ID No:ll/serotype D), SEQ ID No: 13 (serotpye 
E), SEQ ID No: 15 (serotype F), and SEQ ED No: 17 (serotype G), 

3. The nucleic acid of ckum-J, wtferein the nucleic acid encodes an He amino 
acid sequence of BoNT selected ft6hT§EQ ID No:2 (serotype A), SEQ ID No:8 

15 (serotype B), SEQ ID No:10 ^e^type (A), SEQ ID No:12 (serotype D), SEQ ED 
No: 14 (serotpye E), SEQ ID NqM6 (serotype F), and SEQ ID No: 18 (serotype G). 

4. A nucleic acid encoding th^amino-terminal portion of the heavy chain (H N ) 
of botulinum neurotoxin/(BoNT) selected from the group consisting of BoNT 

20 serotype B, BoNT serotype d, BoNT serotype D, BoNT serotype E, BoNT serotype 
F, and BoNT serotypes G, wherein said nucleic acid is expressable in a recombinant 
organism selected from Escherichia coli and Pichia pastoris. 

5. The nucleic acid of c laim 4 , wherein said nucleic acid comprises a nucleic 
acid sequence/selected from SEQ ED No:21 (serotype B), SEQ ID No:23 (serotype 

25 CO, SEQ VD No:25 (serotype D), SEQ ID No:27 (serotpye E), SEQ ID No:29 
(serotype/), and SEQ ID No:31 (serotype G). 

6. /The nucleic acid of clmm.4, wherein the nucleic acid encodes an H N amino 
acid/sequence of BoNT selected from SEQ ID No:22 (serotype B), SEQ ID No:24 
(serotype d), SEQ ID No:26 (serotype D), SEQ ED No:28 (serotpye E), SEQ ED 

30 No:30 (serotype F), and SEQ ID No:32 (serotype G). 
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7. The nucleic acid of any one of claims 1, 3, 4, or 6, wherein the sequence 
the nucleic acid is designed by selecting at least a portion of the codons encoding 
from codons preferred for expression in a host organism. 

5 

8. The nucleic acid of claim 7, wherein the host organism is selecte^from gram 
negative bacteria, yeast, and mammalian cell lines. 

9. The nucleic acid of claim 8, wherein the host organism i/ Escherichia coli or 
10 Pichia pastoris. 



15 



10. The nucleic acid of any one of cl aims 1, 3, 4, o/6, wherein the nucleic acid 
sequence encoding He is designed by selecting codons encoding He which codons 
provide He sequence enriched in guanosine and cyrosine residues. 



11. The nucleic acid of any one)pf claj^ 
is a synthetic nucleic acid. 



.4, or 6, wherein said nucleic acid 



12. The nucleic acid of any one of ^ims^Jr; 3, 4, or 6, wherein said nucleic acid 
20 encoding He or H N is expressed m a recombinant host organism with higher yield 

than a second nucleic acid fragment encoding the same He sequence, said second 
nucleic acid fragment having the wild-type Clostridum botulinum sequence of He. 

13. An expression Rector comprising the nucleic acid of any one of claims 1, 3, 
25 4, or 6, whereby H/or H N is expressed upon transfection of a host organism with 

said expression vector. 



14. A iriethod of preparing a polypeptide comprising the carboxy-terminal 
portion df the heavy chain (He) of botulinum neurotoxin (BoNT) or the amino- 
30 terminal portion of the heavy chain (H N ) of botulinum neurotoxin (BoNT) selected 
fropn the group consisting of BoNT serotype A, BoNT serotype B, BoNT serotype 
BoNT serotype D, BoNT serotype E, BoNT serotype F, and BoNT serotype G, 
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said method comprising culturing a recombinant host organism transfected with tl; 
expression vector of claimJ3 under conditions wherein He or H N is expressed. 

15. The method of cl aim ^ 14, wherein the recombinant host orgaplsm is a 
5 eukaryote. 

16. The method of claim 14, further comprising recovering/insoluble protein 
from said host organism, whereby a fraction enriched in He or is obtained. 

10 17. The method of claim 16, wherein said host organispl is Pichia pastoris. 

18. An immunogenic composition comprising the carboxy^terminal portion of 
the heavy chain (He) of botulinum neurotoxin /BoNT) selected from the group 
consisting of BoNT serotype A, ^oNI\ ser^ype B, BoNT serotype C, BoNT 
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serotype D, BoNT serotype E, BoI^T ser^^FTan^oNT serotype G. 



19. The immunogenic composit^W of claim 18 7 , wherein He is prepared by 
culturing a recombinant organism Jrajr^fected wijn an expression vector encoding 
He. 

20. The immunogenic composition of claim 19, wherein an insoluble protein 
fraction enriched in He is/recovered from said recombinant organism. 



21. An immunogenic composition comprising the amino-terminal portion of the 
25 heavy chain (IM) of botulinum neurotoxin (BoNT) selected from the group 
consisting of /BoNT serotype A, BoNT serotype B, BoNT serotype C, BoNT 
serotype DyBoNT serotype E, BoNT serotype F, and BoNT serotype G. 



22. /The immunogenic composition of claim. 21, wherein H N is prepared by 
30 culturing a recombinant organism transfected with an expression vector encoding 



10 



15 



20 
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23. The immunogenic composition of claim 22, wherein an insoluble proteh 
i enriched in H N is recovered from said recombinant organism. 



fraction 



24 



^h. An immunogenic composition comprising a polypeptide comprising- epitopes 
contained in the carboxy-terminal portion of the heavy chain (He) o^ootulinum 
neurotoxin (BoNT) or the amino-terminal portion of the heavy yzhain (H N ) of 
botulinum neurotoxin (BoNT) selected from the group consisting^ BoNT serotype 
A, BoNT serotype B, BoNT serotype C, BoNT serotype D, BoNT serotype E, BoNT 
serotype F, and BoNT serotype G, said epitopes eliciting' protective immunity 
toward the respective BoNT serotype. 

25. The immunogenic composition of claim_2^, wherein- said immunogenic 



to the Respective BoNT serotype in an 
animal, said ELISA response bein/detectkble upon 100-fold dilution of serum from 



composition elicits an ELISA resp 
animal, saic 
said animal 



') sequence, said BoNT being selected from 

y 



26. An immunogenic compos\tion/comprisii)g a protein containing at least a 
portion of a botulinum neurotxin i 
the group consisting of BoNT sj^dfype 
BoNT serotype D, BoNT serot) 



r; BoNT serotype B, BoNT serotype C, 
oNT serotype F, and BoNT serotype G. 



27. The immunogenio^compositioir of claim 26, wherein said portion of BoNT 
sequence elicits an ELISA response to the respective BoNT serotype in an animal, 
said ELISA response being detectable upon 100-fold dilution of serum from said 



25 animal. 



28. Theyunmunogenic composition of claim 26, wherein said protein is a fusion 
protein fimher comprising a non-toxic polypeptide sequence. 



30 29/ The immunogenic composition of claim 26, wherein said composition is 
idotoxin free. 




* 
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30. The immunogenic composition of claim 26, wherein the portion of BoJ 
sequence is a portion of carboxy-terminal heavy chain (He) sequence or arruno- 
terminal heavy chain (H N ) sequence. 

5 31. A nucleic acid encoding a protein containing at least a portion of' a botulinum 
neurotxin (BoNT) sequence, said BoNT being selected from the group consisting of 
BoNT serotype A, BoNT serotype B, BoNT serotype C, BoNT^erotype D, BoNT 
serotype E, BoNT serotype F, and BoNT serotype G. 

10 32. The nucleic acid of claim 31, wherein said prcffein containing at least a 
portion of BoNT sequence elicits an ELISA response to the respective BoNT 
serotype in an animal, said ELISA response being ^etectable upon 100-fold dilution 
of serum from said animal. 

15 33. An expression vector comprfsing^^r nuclei** acid of claim 31. 

34. A recombinant host cell containing the expression vector of claim 33. 

35 The recombinant host cjA\ of chkim 34, wherein said host cell expresses a 
20 protein containing at least ar portion or BoNT sequence, said portion of BoNT 
sequence containing at leapt one protective epitope of the respective BoNT serotype. 

36. The recombinant host cell of claim 34, wherein said host cell expresses a 
protein containing^ least a portion of BoNT sequence, and wherein said protein 

25 elicits an ELIS^£ response to the respective BoNT serotype in an animal, said ELISA 
response^beijlg detectable upon 100-fold dilution of serum from said animal. 

37. /the recombinant host cell of claimJ34, wherein said host cell expresses a 
protein containing at least a portion of BoNT sequence, said protein making up at 

30 least 0.75% of the total cellular protein. 
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38. The recombinant host cell o 
protein containing at least a portion' 
least 20% of the total cellular pn 



l aim 3 4fwherein said host cell expresses a 
*NT sequence, said protein making up at 



